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Consolidation Study of an Active Tailings Pond 
B. F. Ulrich 
Knight Piesold and Co., Denver, Colorado 
SYNOPSIS Two geotechnical site investigations using state-of-the-art equipment for insitu testing have 
been made of a single tailing pond. The two separate investigations were made at an interval of 
approximately three years between studies. Each investigation included such tests as piezocone, self-
boring pressuremeter, field vane shear, and standard penetration tests. The purpose of these tests 
was to establish various strength and phreatic characteristics of the tails in the deposit for use as 
input design parameters in the proposed upstream embankment expansion. This data may also be used to 
show a time-based consolidation study of a fully-drained, active tailing deposit. As tests in the 
second site investigation were conducted in areas immediately adjacent to tests carried out during the 
initial site investigation, a close comparison of the field measured values could be made. Results 
of an analytical study of the consolidation behavior in an active tailing storage facility are 
presented in this paper. 
INTRODUCTION 
As part of the standard design process, the 
deposited materials contained in a tailing 
storage facility often are subjected to various 
testing procedures. This is particularly true 
for facilities which utilize the upstream method 
of construction for embankment expansion. 
Upstream construction involves building a portion 
of the embankment directly upon the tailing 
beach, and thus the tailing forms a portion of 
the foundation for the embankment (Vick, 1990) • 
Test procedures conducted on tailing normally 
include standard laboratory tests and often 
include insitu testing techniques. Insitu tests 
conducted in tailing deposits may include 
piezocone, pressuremeter, vane shear, standard 
penetration tests and various other such 
techniques. 
The results from these tests may then be used to 
derive various characteristics of the tailing 
deposit. These parameters may then be used 
throughout the design process for embankment 
expansion. 
At this site, two field investigations have been 
carried out with a time span of approximately 
three years between investigations. This paper 
is concerned primarily with the second field 
investigation and the relative changes found 
since the first investigation. 
SITE DESCRIPTION 
The tailing facility studied is located at a gold 
mining and milling complex in northern Nevada. 
The sub-aerial method of tailing disposal has 
been in- use at this site since start-of-
operations at the mill. 
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The sub-aerial method basically consists of a 
fully-drained tailing deposit with a managed 
spigot ting operation. Proper drainage of the 
tailing is achieved through the placement of 
various drainage and liner systems located in the 
basin of the facility. Tailings are spigotted 
over only a small portion of the beach area at 
any one time, and with a flow rate which allows 
for laminar flow of the tailing slurry onto the 
beach. Once a sufficient layer, typically 4 to 6 
inches, of new tailing has been deposited in a 
specific area, the slurry is spigotted onto an 
adjacent beach area. The freshly deposited layer 
of tailings is then allowed to settle, drain, and 
air-dry, typically for a period of one to two 
weeks (East, 1986). 
The tailings contained within this facility have 
been well managed and proper drainage of the 
deposit has been recordeµ by piezometers located 
at various points within the facility. The 
amount of process water contained by the facility 
has been minimized through the use of a process 
water containment pond which is located adjacent 
to the tailings storage facility. Water from the 
process water containment pond is then returned 
to the mill for recycling. 
Tailings production rate at this facility is on 
the order of 2500 tpd. The tailings 6ontain an 
average of 77% fines minus 200 mesh and are 
typically non-plastic. Soil classification of 
the tailings range from very sandy silt (ML) to 
. silt-clay (ML-CL), with a average specific 
gravity of 2. 71. Triaxial shear tests on 
re la ti vely undisturbed tailings samples conducted 
under consolidated, undrained conditions have 
shown that the tailings have an average effective 
friction angle of 35°. 
This tailings storage facility had only the 
starter embankment in place prior to the first 
site investigation. Subsequent to the 
construction of the initial upstream embankment 
expansion, and prior to the second, a second site 
investigation was carried out. 
FIELD INVESTIGATION: EQUIPMENT 
In order to assess the viability of adding a 
second upstream embankment raise to this 
facility, a series of insitu tests was conducted 
in the deposited tailings. Information from this 
field investigation was then compared to data 
received from a field investigation conducted 
three years previously. As such, the improvement 
over time of the tailings could be examined. 
Test procedures for both field investigations 
included the electric piezocone test (CUPT)', 
self-boring pressuremeter (SBPT), standard. 
penetration test (SPT) and the field vane shear 
test (FVST). A full description of how each of 
these testing techniques is employed is beyond 
the scope of this paper; a brief summary of each 
test, however, is given below. 
Electric Piezocone Test (CUPT) 
The electric piezocone has been used extensively 
in Europe for many years, and more recently in 
North America, to characterize the subsurface 
conditions of various soils. Basically, the CUPT 
measures resistance to penetration on the tip of 
the instrument, friction along the side wall and 
pore pressures generated as the cone is driven 
through a soil deposit. These measurements are 
made by load cells and pore pressure transducers 
and are digitally recorded at the surface 
(DeRuiter, 1982). 
Various formulae have been developed by 
researchers to correlate CUPT data to insitu soil 
properties. These soil properties include soil 
classification, drained and undrained shear 
strength, and an equivalent SPT blow count. 
Self-Boring Pressuremeter Test (SBPT) 
A pressuremeter test provides an insitu 
measurement of the stress-strain characteristics 
of a soil. The self-boring pressuremeter works 
extremely well in relatively soft soils, 
particularly tailing deposits. 
The SBPT is allowed to cut its own hole by use of 
a cutting shoe and water jet as it is slowly 
pushed into the tailing. The SBPT is pushed to a 
desired depth and measurements may be made. The 
measuring module includes a rubber membrane, 
fastened at each end, into which nitrogen can be 
injected (Canou and Tumay, 1986). Radial 
displacement of the membrane is measured by 
spring-mounted caliper arms; the inflation 
pressure is measured by a gage system. Various 
researchers have developed formulae for 
correlating pressuremeter test results to such 
parameters as effective friction angle, undrained 
shear strength, lateral earth pressure and shear 
modulus. 
Field Vane Shear Test (FVST) 
The FVST is used for the insitu determination of 
the shear strength of a soil. The FVST basically 
consists of flat blades attached to the end of a 
rod. The device is pushed to a desired depth in 
the tailing deposit, the torque required to shear 
the soil is recor~ed (either electronically or 
mechanically), and the shear strength of the soil 
sheared by the vane is determined (Ulrich, 1991) . 
Standard Penetration Test (SPT) 
The SPT consists of a split-barrel sampler with a 
driving shoe. The sampler is attached to the 
drill rod and lowered to the bottom of a boring. 
The sampler is then seated to a depth of 6 inches 
into the soil. The number of blows (by a 140-lb. 
hammer dropping 30 inches onto the drill rod) 
required to penetrate an additional 12 inches is 
then recorded as the measured blow count. When 
the sampler is brought to the surface, the split-
barrel may be disassembled in order to recover 
the sampled soil. Several engineering parameters 
have been devised based on the SPT blow count 
(Nixon, 1982) . 
FIELD INVESTIGATION: OPERATIONS 
Access to the tailings beach was readily 
available during the second field investigation, 
and the truck-mounted drill rig was able to 
traverse nearly the entire beach area without any 
special preparation. Each of the four testing 
techniques (CUPT, SBPT, FVST, and SPT) was 
deployed using the drill rig. Specific sites for 
testing were chosen to correspond to areas tested 
during the previous site investigation. 
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Nine of the CUPT probe locations tested during 
the earlier site investigation were again tested. 
Two of the same zones tested previously with the 
SBPT were successfully completed during the 
second site investigation. Due to the intrinsic 
nature of the SPT and FVST, it was deemed more 
reasonable to compare these tests on a hole-by-
hole basis rather than attempting to isolate a 
specific zone which was previously tested. 
As such, data from four testing procedures could 
be used to assess the changes which the tailings 
have undergone during the three-year period 
between field investigations. 
RESULTS OF THE FIELD INVESTIGATION 
The results of the second field investigation are 
quite interesting from several aspects. Not only 
had a large number of test methods been conducted 
in a relatively small area, but these tests were 
also conducted in the vicinity of previous 
testing. The actual results of the insitu tests 
were found to be unusual and could only be 
interpreted through a direct comparison with 
results from the initial field investigation. 
Piezocone Test Results 
The piezocone tests were the first testing 
technique employed during the second site 
investigation. Test locations are confined to 
within 100 feet of the embankment. 
Interpretation of the piezocone data could not be 
readily made due to several factors. A typical 
plot of the CUPT data from the second field 
investigation is shown in Figure 1. Several 
things are apparent from a brief examination of 
Figure 1. Most notable is the decrease in tip 
resistance with depth. Tip resistance is 
generally in the 10 to 25 tsf range in the upper 
15 ft. but falls off to a value of approximately 
5 tsf below 15 ft. From a cursory review it 
would appear that consolidation is not taking 
place in the lower-lying tailings. A depth of 15 
feet corresponds to the elevation at which the 
surface existed during the first site 
investigation, and as such this decrease in tip 
resistance with depth was not observed during the 
initial investigation. 
It may be noted that the tip resistance in the 
upper 10 to 15 feet is quite high, especially for 
tailings. Hryciw and Dowding (1987) conducted 
research on the effects of partial saturation on 
CUPT tip resistance. Their findings show that 
tip resistance can be substantially higher in a 
less-than-saturated soil than the same soil 
fully-saturated. It appears that the high tip 
resistances in the upper 10 to 15 feet of 
tailings are partially due to the presence of 
significant amounts of air, rather than water, 
trapped in the voids of the tailings. 
Also shown on Figure 1 is. the measured sleeve 
friction from one typical CUPT probe. A brief 
review shows results which would be typically 
found in a tailings deposit with alternating 
layers of coarser and finer materials through the 
depth of the deposit. 
Pore pressures recorded by the CUPT are also 
shown in Figure 1. It may be noted that the 
positive dynamic porepressures were not generated 
in this position until a depth of approximately 
20 feet. Pore pressure dissipation tests 
conducted with the piezocone, coupled with 
information gained through the installation of 
standpipe piezometers showed that fluids are 
under less than hydrostatic pressures, as would 
be expected due to the presence of an efficient 
underdrain system. 
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Figure 1 Typical Plot of Results Measured by Piezocone 
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Shown on Figure 2 are the tip resistance 
measurements at three probe locations. From each 
of these three data plots it would appear that 
there is a steady decay of tip resistance with 
depth throughout the deposit, as shown in 
Figure 1. This appears to be unusual to say the 
least. 
A comparison between data received during the two 
site investigations is very helpful at this 
point. Figure 3 shows a direct comparison of two 
CUPT probes made in the same location, but with a 
three-year separation between tests. Results 
from the first investigation are indicated by 
dashed lines in Figure 3. Note that 
approximately 15 feet of tailings have been place 
since the first site investigation, and the 
starting point for the first CUPT has been 
shifted downward accordingly. 
It may be noted in Figure 3 that the tip 
resistance in this location has generally 
increased with time. Values have, in fact, 
approximately doubled through much of the 
retested area. Sleeve friction has also 
increased through much of the depth. Dynamic 
pore pressures measured at this location have 
increased dramatically, while the elevation of 
. the phreatic surface has remained relatively 
constant indicating that the tailings in this 
zone have densified with a corresponding drop in 
permeability. All three of the increased 
measurements are associated with the 
consolidation process which is occurring at the 
site. 















A further analysis of the CUPT results shown in 
Figure 4 illustrates the mean tip resistance 
versus depth for all CUPT data obtained during 
both site investigations. As can be seen on this 
figure, the mean tip resistance at 15 feet has 
increased a significant amount. This depth (15 
feet) corresponds to what was the surface during 
the first field investigation. As such, material 
at a depth of 15 ft. was not subjected to any 
consolidation pressures at the time of the first 
site investigation. This being the case it is to 
be expected that the effects of consolidation 
would be most evident at a depth of 15 feet. 
Consolidation has a decreasing effect with depth, 
as shown on Figure 4, due to the fact that some 
consolidation had taken place at depth prior to 
the initial site investigation. 
Subsequent to the investigation, it was 
determined that the actual ore material type had 
changed, thus creating the sharp contrast in CUPT 
parameters with depth. Through laboratory 
analysis and contact with mill officials it was 
found that the ore first processed by the mill 
had a higher clay content than ore presently run 
through the mill. This would account for the 
generally lower tip resistance and higher sleeve 
friction and porewater pressure measured in the 
lower-lying tailings . 
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Figure 2 Measured Tip Resistance Results from Three Piezocone Tests 
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Figure 3 Typical Comparison of CUPT Results Showing Relative Change with Time 
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Figure 4 Variation of Mean Tip Resistance with Depth from CUPT Results Showing 
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Figure 5 Comparison of Self-Boring Pressuremeter Test Results Showing 
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Figure 7 Comparison of Standard Penetration Test Results Showing Relative Change with Time 
Pressuremeter Test Results 
A similar effect due to consolidation was noted 
to occur in other tests such as the SBPT. A good 
example of the change in pressuremeter test 
results over the three-year period is shown in 
Figure 5. In this location, an accumulation of 
approximately 16 feet of tailings had occurred in 
the three-year period between tests. These tests 
were conducted in the zone where the tailings 
appear to be less-than-normally consolidated. 
The calculated effective friction angle from both 
of these tests is on the order of 35•. Effective 
lateral stress has increased from approximately 
200 psf to 650 psf (tripling in magnitude) during 
the three-year period between tests. Since depth 
has also approximately tripled in this time 
period, and the angle of friction has remained 
constant, then the lateral coefficient of at rest 
earth pressure, K0 , has remained constant. With 
these factors in mind, it may be said that the 
tailing deposit is consolidating normally. 
Field Vane Shear Test Results 
Results from the FVST show an interesting aspect 
of the tailings consolidation. Although a less 
precise measure of insitu conditions than either 
the CUPT or SBPT, the FVST was found to give 
similar results. The tests results from a single 
location, but with a three-year time span between 
tests, are shown on Figure 6. The analysis of 
these tests results are for the depth ranging 
from 15 to 25 feet. This depth corresponds to 
the depth where the tailings appear to be less-
than-normally consolidated. 
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The peak shear strength in this zone was found to 
increase from a mean value of 770 psf during the 
initial field investigation to 1120 psf during 
the second field investigation. This relates to 
an increase in measured vane shear strength of 
approximately 45% in this zone. 
Standard Penetration Tests Results 
I 
J.n increase in the measured SPT blow count was 
also found to occur during the three-year time 
span between tests. Figure 7 shows the results 
of all blow count data for both site 
investigations. It is interesting to note that 
similar to CUPT tip resistance results, there is 
also a general decrease in SPT blow count with 
depth. 
As shown on Figure 7, linear regression analysis 
for data from both field investigations have been 
made. Through the depth from 15 to 30 feet, 
there has been a general increase in the SPT blow 
count during the three-year time period. This 
increase is approximately 29% at 15 feet, and 16% 
at 30 feet. As with CUPT tip resistance the 
improvement over time is more apparent at 
shallower depths. 
CONCLUSIONS 
Throughout this paper, a layer of soil which 
appears, at least outwardly, to be 
underconsolidated, has been examined. Through 
the use of various insi tu testing techniques, 
coupled with information gained during a field 
investigation conducted three years previously, 
it has been shown that this soil is undergoing a 
normal process of consolidation. From the 
research which was undertaken in order to prepare 
this study, the following remarks may be stated: 
Insitu tests are an invaluable tool for 
gaining a broad variety of information 
pertaining to the subsurface 
characteristics of a soil. 
Deposits which show the outward 
appearance of being underconsolidated 
may be undergoing a normal process of 
consolidation. 
Care should be taken in analyzing data 
which appears to have been taken in an 
underconsolidated deposit. The use of 
previously obtained data may be of 
great assistance in the analysis. 
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